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CONDUCTIVE FLUOROPOLYMERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of US. application Ser. 
No. 10/293,686, ?led Nov. 13, 2002, now US. Pat. No. 
6,827,881, Which is a divisional of US. application Ser. No. 
09/716,806, ?led Nov. 20, 2000, issued as US. Pat. No. 
6,533,955, and the entirety of the disclosures of these are 
incorporated by reference herein. 

TECHNICAL FIELD 

This invention relates to electrically conductive, thermo 
plastic melt processable compositions that employ a major 
amount of a ?uorothermoplastic polymer, and minor 
amounts of an electrically conductive material and a poly 
ole?n. 

BACKGROUND 

Fluoropolymers are often used for their desirable proper 
ties, such as loW surface tension, high thermal stability, and 
high resistance to chemicals, oils, and/or solvents. 

Examples of ?uoropolymers include copolymers of tet 
ra?uoroethylene With one or more ?uorinated monomers 

such as hexa?uoropropylene or per?uoropropyl vinyl ether, 
and/or non-?uorinated monomers such as ethylene or pro 
pylene. 

Often it is desirable that the ?uoropolymer have a loWer 
electrical resistance or even be electrically conductive. Fluo 
ropolymers are typically made more electrically conductive 
by adding electrically conductive ?llers (e.g., carbon black, 
carbon ?bers, etc.). HoWever, the addition of such ?llers has 
certain negative effects on the properties of the ?uoropoly 
mers. For example, While adding conductive ?llers desirably 
enhances the electrically conductivity of the ?uoropolymer, 
it also often undesirably reduces the melt processabililty of 
the ?uoropolymer. 

DISCLOSURE OF INVENTION 

The present invention provides a thermoplastic melt 
processable ?uoropolymer With loWer electrical resistivity 
Without increasing the level of the conductive ?ller. Hydro 
carbon polymers, such as polyole?ns, are Well knoWn in the 
art as electrical insulators. Surprisingly, adding a normally 
insulating hydrocarbon polymer to What Would be a con 
ductive composition actually improves the conductivity of 
the resultant mixture in this invention. The present invention 
also provides loWer-resistivity ?uoropolymers With 
improved processability and higher melt ?oW indices than 
knoWn materials having comparable resistivity. 

Brie?y, the present invention provides a melt-processable 
conductive ?uorothermoplastic composition comprising a 
blend of at least three components. The ?rst component 
provides a major amount (i.e., at least 50 Weight percent) of 
at least one melt-processable, thermoplastic ?uoropolymer 
component. This ?rst component has its interpolymeriZed 
units derived from (i) at least 50 Weight percent (Wt %) of 
tetra?uoroethylene (TFE), and (ii) one or more ethyleni 
cally-unsaturated monomers represented by the formulas 
CF2=CFiR? CF2=CFiOiRf', and CH2=CR2. In the 
preceding formulas, Rfis a per?uoroalkyl of 1 to 8, prefer 
ably 1 to 3, carbon atoms, Rf‘ is Rf or a per?uoroalkoxy of 
1 to 8, preferably 1 to 3, carbon atoms, and R is selected 
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2 
from H, F, C1, or an aliphatic group having from 1 to 8, 
preferably 1 to 4, carbon atoms Which aliphatic group may 
have P or Cl substituents. The ?rst component has less than 
5 Wt % of its interpolymeriZed units derived from vinylidene 
?uoride. The second component is a hydrocarbon polymer, 
present in the blend at a level from about 0.1 to about 10 Wt 
%. The third component is a conductive ?ller, present in the 
blend at a level from about 1 to about 20 Wt %. 

The present invention also provides a method of improv 
ing volume resistivity of a melt-processable conductive 
?uorothermoplastic composition comprising the steps of 
providing at least the three components described above, 
and mixing the components. 
The present invention also provides shaped articles incor 

porating a ?uorothermoplastic composition as described 
above. 
The extrudates of the present invention substantially 

retain properties of the ?uoropolymer, such as thermal 
stability and/or chemical resistance. These extrudates 
exhibit loWer resistivity than knoWn ?uorothermoplastic 
compositions having similar levels of conductive ?llers. 
More speci?cally, the inventive compositions have a volume 
resistivity beloW about 1><104 ohm cm, more preferably 
beloW about 1><102 ohm cm. 
The loWer resistivity is surprisingly achieved While main 

taining good melt processability or extrusion behavior. The 
melt ?oW indices of the inventive compositions do not 
decrease as rapidly as knoWn materials When the level of 
conductive ?ller is increased. Thus, the extrudates of the 
inventive blend composition can be extruded at higher 
output rates and at much higher shear rates With much 
reduced shear stress, as compared to knoWn ?uorothermo 
plastic compositions having similar resistivity levels. These 
inventive extrudates also have good surface qualities, par 
ticularly smoothness, and are otherWise relatively free of 
objectionable surface melt defects. 

DETAILED DESCRIPTION 

The melt-processable conductive ?uorothermoplastic 
composition of the present invention generally has a suffi 
cient quantity of its interpolymeriZed units derived from 
TFE to provide a desirable level of chemical resistance, 
While being a melt-processable thermoplastic ?uoropoly 
mer. That is, the ?nal composition remains thermoplastic. In 
this thermoplastic ?uoropolymer, the level of interpolymer 
iZed units derived from TFE generally ranges from about 50 
Wt % to about 98 Wt %. 

In one group of ?uoropolymers useful in the present 
invention the melt-processable, thermoplastic ?uoropolymer 
has interpolymeriZed units derived from TFE and one or 
more ethylenically-unsaturated monomers of the formula 

CF2=CFiR? Wherein Rf is a per?uoroalkyl of 1 to 8, 
preferably 1 to 3, carbon atoms. 

Typically, ?uoropolymers of this group have a combina 
tion of 80 to 90 Wt % (preferably 84 to 88 Wt %) of their units 
derived from TFE. Correspondingly, the balance of the 
?uoropolymer is one or more ethylenically-unsaturated 
monomers of the formula CF2=CFiR/(preferably 
hexa?uoropropylene (HFP)), although it may further contain 
up to about 2% of one or more ethylenically-unsaturated 
monomers of the formula CF2=CFiOiR/(preferably per 
?uoropropylvinylether). In this document, per?uoropropy 
lvinylether (PPVE) includes CF2=CFiO4CF2CF2CF3 
(also referred to as PPVE-l) and/or CFZ=CFiO4CF2CF 
(CF3)OCF2CF2CF3 (also referred to as PPVE-2). 
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In another group of ?uoropolymers useful in the present 
invention, the thermoplastic ?uoropolymer has interpoly 
meriZed units derived from TFE and one or more ethyleni 
cally-unsaturated monomers of the formula CF2=CFiOi 
Rf‘. More speci?cally, ?uoropolymers useful in the present 
invention have a combination of 85 to 98 Wt % (preferably 
90 to 97 Wt %, more preferably 95 to 97 Wt %) of their units 
derived from TFE. The balance of the ?uoropolymer is from 
about 15 to about 2 Wt % (preferably 10 to 3 Wt %, more 
preferably 5 to 3 Wt %) of one or more ethylenically 
unsaturated monomers of the formula CF2=CF4OiRf' 
(preferably PPVE), although this ?uoropolymer composi 
tion may further contain up to about 6 Wt % of one or more 
ethylenically-unsaturated monomers of the formula 
CF2=CFiR/(preferably HFP). 

Thus, ?uoropolymers containing interpolymeriZed units 
derived from TFE and one, tWo, three, or more 
comonomer(s) are Within the scope of the present invention. 

Speci?c monomers of the formula CF2=CFiRfuseful in 
the present invention include CF2=CFCF3 and 
CF2=CFCF2CF3. 

Speci?c monomers of the formula CF2=CF4OiRf' 
useful in the present invention include CF2=CF4OiCF3, 
CF2=CFA)%F2CF3, CF2=CFiO%F2CF2CF3 
(PPVE-l), CF2=CFA)iCF2CF2CF2OCF3, CF2=CFi 
OiCF2CF(CF3)OCF2CF2CF3 (PPVE-2), and CF2=CFi 
OiCFzCF(CF3)OCF2CF(CF3)OCF2CF2CF3. 

Another group of monomers useful in combination With 
TFE includes ethylenically-unsaturated monomers of the 
formula CH2=CR2. In this formula R is selected from H, F, 
C1, or an aliphatic group having from 1 to 8, preferably 1 to 
4, carbon atoms Which may have F or Cl substituents. This 
group of monomers includes hydrocarbon ole?ns such as 
ethylene and propylene. 

Fluoropolymers useful in the present invention also 
include combinations Wherein the thermoplastic ?uoropoly 
mer has interpolymeriZed units derived from TFE, at least 
one ethylenically-unsaturated monomer of the formula 
CH2=CR2, and either one or more ethylenically-unsatur 
ated monomer(s) of the formula CF2=CFiR? or one or 
more ethylenically-unsaturated monomer(s) of the formula 
CF2=CF4OiRf', or both. More speci?cally, this group of 
?uoropolymers further includes combinations Wherein the 
thermoplastic ?uoropolymer has interpolymeriZed units 
derived from TFE, an ole?n such as ethylene or propylene, 
one or more ethylenically-unsaturated monomers of the 

formula CF2=CFiR/(preferably HFP), and one or more 
ethylenically-unsaturated monomers of the formula 
CF2=CF4OiRf' (preferably PPVE). Such ?uoropolymers 
can have a combination of 60 to 80 Wt % of their units 
derived from TFE and about 10 to about 25 Wt % ethylene. 
In addition, the balance of the ?uoropolymers in this group 
optionally includes monomers selected from up to about 30 
Wt % of one or more ethylenically-unsaturated monomers of 

the formula CF2=CFiRf (preferably HFP), and optionally 
up to about 15 Wt % of one or more ethylenically-unsatur 

ated monomers of the formula CF2=CFiOiRJJ (prefer 
ably PPVE). 
At least one melt-processable, thermoplastic ?uoropoly 

mer is required in the present invention. TWo or more such 
?uoropolymers of the same or different compositions also 
can be used. For example, a ?rst polymer having a loW melt 
?oW index may be used With a second polymer of the same 
or similar composition but having higher melt ?oW index 
than the ?rst polymer. In addition, a ?uoropolymer derived 
from TFE and one or more monomers having the formula 
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4 
CF2=CFiRf may be used With another ?uoropolymer 
derived from TFE and one or more monomer(s) having the 

formula CF2=CFiOiRfK 
In preparing the blends of this invention, those ?uo 

ropolymers substantially free of interpolymeriZed units 
derived from vinylidene ?uoride (VDF) are preferred. That 
is, the ?uoropolymers contain less than 5 Wt %, more 
preferably less than 2 Wt %, and most preferably 0 Wt % of 
interpolymeriZed units derived from VDF. 

Commercial ?uoropolymers Which can be used include 
copolymers of per?uorinated ethylene-propylene (FEP) 
such as FEP 6307, FEP 6322; copolymers of tetra?uoroet 
hylene and per?uoropropylvinyl ether (PFA) such as PFA 
6502N; copolymers of ethylene and tetra?uoroethylene (ET 
or ETFE) such as ET 6060, ET 6430, ET 6235], ET 6235G; 
copolymers of hexa?uoropropylene, tetra?uoroethylene, 
and ethylene (HTE) such as HTE 1500, and HTE 1700, all 
from Dyneon LLC (Oakdale, Minn.); Te?on® PFA ?uo 
ropolymer grades 340, 345, 350, 440HP, 450HP available 
from DuPont (Wilmington, Del.); Te?on® FEP ?uoropoly 
mer grades 100, 140, 160, CJ-95N available from DuPont; 
Neo?onTM PFA ?uoropolymer grade AP238SG, AP2llSH, 
Neo?onTM FEP, and Neo?onTM ETFE ?uoropolymer grades 
EP6l0 and EP620 available from Daikin Industries, Ltd. 
(Osaka, Japan); and copolymers of tetra?uoroethylene and 
per?uoromethylvinyl ether (MFA) available as Hy?on® 
MFA 620 and MFA 640 from Ausimont S.p.A. (Milan, 
Italy). 
The hydrocarbon polymer in this invention comprises a 

non-?uorinated polymer Whose backbone comprises carbon 
and hydrogen atoms. While hetero atoms such as nitrogen, 
oxygen, etc. may be present in limited amounts (e.g., less 
than about 5 Wt %) the backbone preferably consists of only 
carbon and hydrogen. Examples of useful hdyrocarbon 
polymers include polyole?n, such as, for example, polyeth 
ylene and polypropylene, loW-density polyethylene and 
high-density polyethylene, and blends of tWo or more of 
these. The preferred polyole?ns are thermoplastic hydrocar 
bon polymers that are homopolymers of ethylene and pro 
pylene and copolymers of ethylene With l-butene, l-hexene, 
l-octene, 4-methyl-l-pentene, or propylene. Commercially 
available hydrocarbon polymers Which can be used in this 
invention include, for example, EscoreneTM LL-l00l.09, 
LL-300l.00, LL-5252.09, LD411.09, and LD760.36 poly 
ethylenes, from Exxon Chem. Co.; ERl833 polyethylene 
from Chevron Chemical Co.; NovapolTM TF 0ll9F poly 
ethylene from Novacor Chemicals Inc.; DoWlexTM 2047 
polyethylene from DoW Chemical Co.; MarlexTM HMN 
4550 polyethylene from Phillips 66 Co.; and 3374X 
polypropylene from Fina Oil and Chemical Co. Examples of 
other hydrocarbon polymers that may be useful in the 
present invention include polystyrene, polyisoprene, poly 
isobutylene, polybutadiene, polyvinyl acetate, and polyvinyl 
alcohol. 
The hydrocarbon polymer and the ?uoropolymer in the 

?uoropolymer compositions of the invention are immiscible. 
Generally, this can be shoWn by preparing a sample com 
position Without the conductive ?ller (Which typically 
imparts a color) and observing under an optical microscope, 
or by observing the cloudy, White, or opaque appearance of 
extrudates of the sample composition. 
The particular blend components chosen can alter the 

particular amount of hydrocarbon polymer to be used, and 
simple sample extrusions can be run to determine that 
particular amount. The loWer limit of amount of the hydro 
carbon polymer to be blended With the ?uoropolymer and 
conductive ?ller Will generally be an amount at Which a 
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smaller decrease in melt ?oW index occurs in the blend, as 
compared to a blend of the same ?uoropolymer and con 
ductive ?ller that is not blended With the hydrocarbon 
polymer. Generally, the amount of the hydrocarbon polymer 
Will be about 0.1 to about 10 Wt %, more preferably about 
0.5 to 4 Wt % of the total blend including the ?uoropolymer, 
the conductive ?ller, and the hydrocarbon polymer. 

The conductive ?ller used in preparing the conductive 
?uoropolymer compositions of this invention can be any of 
those knoWn materials added to resins to reduce resistivity 
or render the resin system more conductive. One such ?ller 
is carbon black particulate. Generally, the conductive carbon 
black particles to be used Will have high surface area, e.g., 
greater than 150 m2/g, high structure, e.g., dibutyl phthalate 
absorption (DBT) numbers preferably greater than 150, and 
loW volatility, e.g., volatile contents of less than 2.5 Wt %. 
Conductive grades of carbon black Which can be used in this 
invention include super-conductive, extra-conductive, and 
P-type blacks With particle siZes ranging from 15 to 40 nm, 
nitrogen surface area of 40 to 1500 m2/g, and densities of 
about 10 to 30 pounds per cubic feet (0.16 to 0.48 g/cc). 
Commercial conductive carbon black particulates Which can 
be used in this invention include, for example, KetjenTM 
EC-300JD and EC-600JD, VulcanTM XC-72, and PrintexTM 
XE-2. Another such conductive ?ller is graphite ?bers. 

The amount of conductive ?ller to be used in preparing 
the ?uoropolymer compositions of this invention Will be that 
amount suf?cient to impart desired conductivity thereto and 
yet permit desired melt processing of the mixture. Generally, 
the conductive ?ller amount Will be 1 to about 20 Wt % 
(preferably about 4 to about 11 Wt %) of the conductive 
?uoropolymer composition, With loWer quantities generally 
providing higher resistivity in the ?nal ?uoropolymer. For a 
given level of conductive ?ller, the resistivity also depends 
upon the type and level of the hydrocarbon polymer. 

The blends of ?uoropolymer, hydrocarbon polymer, and 
conductive ?ller can be prepared by any suitable means. 
This includes, for example, blending means typically used in 
the plastics industry, such as using separate gravimetric 
feeders for each component to supply the selected ratio of 
components into a mixing unit. The mixing unit may in turn 
feed the mixture into an extruder, such as a reciprocating 
single screW extruder, or the mixing unit may itself be an 
extruder, preferably a tWin screW extruder. A premix of at 
least tWo components (e.g., the hydrocarbon polymer and 
conductive ?ller) may also be prepared before feeding this 
premix to the extruder along With any other necessary 
component(s) (e.g., the ?uoropolymer). In addition, a melt 
blended premix of one or more ?uoropolymers and the 
hydrocarbon polymer may then be mixed With the conduc 
tive ?ller. 

The ratio of components in the premix or other blend need 
not be Within the ?nal range desired. For example, a master 
batch of tWo components may be let doWn With a third 
component to reach an intermediate target composition or a 
?nal composition. 
A uniform distribution of the components can provide 

loWer resistivity at the same Weight percent conductive ?ller 
than a less-uniform distribution. Thus, the mixing extruder 
preferably uniformly distributes the hydrocarbon polymer 
and conductive ?ller throughout the ?uoropolymer. The 
mixing operation is conveniently carried out at a tempera 
ture above the melting point(s) of the polymers. The ?uo 
ropolymer and the hydrocarbon polymers may be used in 
any desirable form, e.g., poWders, pellets, and granules. 

In preparing shaped articles, such as ?lm, tubing, or heat 
tracing cable, of the conductive ?uoropolymer blend com 
positions of this invention, various extruders or other melt 
shaping equipment knoWn in the art of polymer melt 
processing can be used. Preferably the blend components 
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6 
can be melt blended in a mixing extruder and the mixture 
melt-processed therein, for example, at 200 to 4000 C., 
depending upon the melting point, melt viscosity, and ther 
mal stability of the blend, to produce extrudates or shaped 
articles. 

The melt blended mixture of ?uoropolymer, conductive 
?ller, and hydrocarbon polymer also can be pelletiZed or 
comminuted into a desired particulate siZe and then fed to a 
melt processor, Which Will typically be an extruder, to 
melt-process the blended mixture. Different types of extrud 
ers Which can be used to extrude the ?uoropolymer com 
positions of this invention are described, for example, in 
“Polymer Extrusion” by C. RauWendaal, Hansen Publishers, 
pages 23-48 (1986). The melt-processing equipment is pref 
erably corrosion-protected. 
The die design of the extruder can vary, depending on the 

extrudate desired. For example, an annular die is useful to 
extrude tubing, such as for fuel system hose or tubing such 
as that described in Us. Pat. No. 5,284,184 (Noone et al.), 
the description of Which is herein incorporated by reference. 
The bene?ts of the present invention are achieved by 

using a Wide variety of thermoplastic ?uoropolymers. Thus, 
While a speci?c ?uoropolymer may perform someWhat 
differently than another speci?c ?uoropolymer, it is not 
critical to the present invention Which thermoplastic ?uo 
ropolymer is used. It has been suggested that limiting the 
number of certain types of end groups on the ?uoropolymer 
provides certain bene?ts. It has been discovered that this 
limitation is not important in the present invention. For 
example, the level of unstable end groups can be above 100 
ppm in the thermoplastic ?uoropolymer of the present 
invention. 

Objects and advantages of this invention are further 
illustrated by the folloWing examples, but the particular 
materials and amounts thereof recited in these examples, as 
Well as other conditions and details, should not be construed 
to unduly limit this invention. 

EXAMPLES 

The folloWing materials Were used in the examples: 

FEP X 6307 A thermoplastic ?uoropolymer from Dyneon 
LLC, Oakdale, MN that Was derived from a 
copolymerization of TFE and HFP, and had at 
least 100 unstable end groups per million 
carbon atoms. The melting point Was 250° C., 
and the melt flow index at 372° C. and 5 kg 
Was 16 Q10 min. 
A carbon black from Cabot Corp., 
Houston, TX. 
A carbon black from DeGussa-Hiils Corp., 
Ridge?eld Park, N] 
A carbon black from Akzo Chem. Co., 
The Netherlands. 
A polyethylene from Exxon Chem. Co., 
Houston, TX. 

Vulcan TM XC-72 

Printex TM XE-2 

Ketjen TM EC 600 JD 

Escorene TM LL—1001.09 

Testing: 
The Melt FloW Index (MFI) (or Melt FloW Rate (MFR)) 

Was measured using the method described by ASTM D1238 
at 5 kg and 3720 C. It is reported in grams per 10 minutes. 
The speci?cations for FEP testing are given by ASTM 
D21 1 6. 

Volume Resistivity Was measured using the method 
described by ASTM D957, and reported in ohm cm. 
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EXAMPLE 1 

This example demonstrated high melt How and loW 
resistivity. 

In Example 1, a blend of 89 Wt % FEP X 6307, 9 Wt % 
VulcanTM XC-72, and 2 Wt % EscoreneTM LL-1001.09 Was 
fed into a 30-mm tWin screW extruder operating at 670 to 

about 700° F. (354 to 371° C.) and 88 rpm. The ?uorother 
moplastic blend Was extruded into sample bars for testing. 

The extruded material Was substantially free of melt 
defects. 

COMPARATIVE EXAMPLE 1 (CE 1) 

A blend of 91 Wt % FEP X 6307 and 9 Wt % VulcanTM 
XC-72 Was mixed as in Example 1. 

Example 1 shoWed much higher melt ?oW index and 
dramatically loWer volume resistivity than CE 1. 

EXAMPLE 2 

This example also demonstrated the high melt How and 
loW resistivity advantages of the present invention. 

Example 2 Was made as Example 1, except that a blend 
of 92.5 Wt % FEP X 6307, 5 Wt % PrintexTM XE-2, and 2.5 
Wt % EscoreneTM LL-1001.09 Was used and the extruder 

Was maintained at 82 rpm. 

The extruded material Was substantially free of melt 
defects. 

COMPARATIVE EXAMPLE 2 

Comparative Example 2 (CE 2) Was prepared as in 
Example 2, except that a blend of 95.5 Wt % FEP X 6307 and 
4.5 Wt % KetjenTM EC 600 ID was used. This carbon black 
is knoWn in the art to provide someWhat more conductivity 
at similar loading levels as the PrintexTM XE-2. Thus, this 
comparative example Would be expected to have similar 
properties as an otherWise similar material that has a slightly 
higher loading of PrintexTM XE-2. 

The inventive material of Example 2 had much higher 
melt ?oW index, loWer volume resistivity, and similar 
mechanical properties, as compared to CE2. 

The folloWing tables include compositions of each mate 
rial and test results. 

TABLE 1 

Compositions 

Example No.: 

1 CEl 2 CE2 

FEP X 6307 89 91 92.5 95.5 

Vulcan TM XC-72 9 9 

Printex TM XE-2 5 

Ketjen TM EC 600 JD 4.5 

Escorene TM LL—1001.09 2 2.5 
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TABLE 2 

Test Results 

Fxamnle No. 

1 CEl 2 CE2 

Melt FloW Index 7.98 1.97 4.91 0.24 

(910 min; 3720 C., 5 kg) 
Volume Resistivity 2.3 ><10l 1.03 ><108 5.6 ><10l 2.4 X 102 
(ohm cm) 

These examples demonstrated the advantages of the 
present invention. 

Various modi?cations and alterations of this invention 
Will become apparent to those skilled in the art Without 
departing from the scope and principles of this invention, 
and it should be understood that this invention is not to be 
unduly limited to the illustrative embodiments set forth 
hereinabove. All publications and patents are herein incor 
porated by reference to the same extent as if each individual 
publication or patent Was speci?cally and individually indi 
cated to be incorporated by reference. 

We claim: 
1. A melt-processable conductive ?uorothermoplastic 

composition comprising: 
A) a major amount of at least one melt-processable, 

thermoplastic ?uoropolymer having its interpolymer 
iZed units derived from (i) at least 50 Weight percent 
(Wt %) of tetra?uoroethylene (TFE), (ii) one or more 
ethylenically-unsaturated monomers represented by the 
formula 
(a) CH2=CR2, and, optionally, one or more ethyleni 

cally-unsaturated monomers represented by the for 
mula 

(b) CF2=CFiOiRf', and 
(c) CF2=CFRf 

Wherein Rfis a per?uoroalkyl of 1 to 8 carbon atoms, Rf‘ is 
Rf or a per?uoroalkoxy of 1 to 8 carbon atoms, and R is 
selected from H, F, C1, or an aliphatic group having from 1 
to 8 carbon atoms Which may have P or Cl substituents, 
provided that the thermoplastic ?uoropolymer has less than 
5 Wt % of its interpolymeriZed units derived from vinylidene 
?uoride (V DE); 

B) from about 0.1 to about 4 Weight percent of a hydro 
carbon polymer having a Weight average molecular 
Weight of a least about 45,000; and 

C) from about 1 to about 20 Weight percent of conductive 
?ller. 

2. The composition of claim 1 Wherein the thermoplastic 
?uoropolymer has less than about 2 Wt % of its interpoly 
meriZed units derived from VDF. 

3. The composition of claim 1 Wherein the thermoplastic 
?uoropolymer has interpolymeriZed units derived from TFE, 
at least one ethylenically-unsaturated monomer of the for 

mula CF2=CFiOiRf', and at least one ethylenically 
unsaturated monomer of the formula CF2=CFiRf 

4. The composition of claim 1 Wherein the thermoplastic 
?uoropolymer has interpolymeriZed units derived from 60 to 
80 Wt % TFE, about 10 to about 25 Wt % of a monomer of 
the formula CH2=CR2, and optionally up to about 30 Wt % 
of a monomer of the formula CF2=CFiR? Wherein Rfis a 
per?uoroalkyl of 1 to 8 carbon atoms. 

5. The composition of claim 1 Wherein the thermoplastic 
?uoropolymer has interpolymeriZed units derived from TFE, 
at least one ethylenically-unsaturated monomer of the for 
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mula CH2=CR2, and at least one ethylenically-unsaturated 
monomer of the formula CF2=CFiR? Wherein Rf is a 
per?uoroalkyl of 1 to 8 carbon atoms. 

6. The composition of claim 1 containing from about 4 to 
about 11 Wt % conductive ?ller. 

7. The composition of claim 1 Wherein the conductive 
?ller is selected from carbon black and graphite. 

8. The composition of claim 1 having a melt ?oW index 
greater than about 1 gram per 10 minutes. 

9. The composition of claim 1 having a volume resistivity 
beloW about 100 ohm cm. 

10. A shaped article comprising the composition of claim 
1. 

11. A melt-processable conductive ?uorothermoplastic 
composition consisting essentially of: 
A) a major amount of at least one melt-processable, 

thermoplastic ?uoropolymer having its interpolymer 
iZed units derived from (i) at least 50 Wt % of TFE, and 
(ii) one or more ethylenically-unsaturated monomers 
represented by the formula 
(a) CH2=CR2, and, optionally, one or more ethyleni 

cally-unsaturated monomers represented by the for 
mula 

(b) CF2=CFiOiRfQ and 
Wherein Rf‘ is a per?uoroalkyl of 1 to 8 carbon atoms or a 
per?uoroalkoxy of 1 to 8 carbon atoms, and R is selected 
from H, F, C1, or an aliphatic group having from 1 to 8 
carbon atoms Which may have P or Cl substituents, provided 
that the thermoplastic ?uoropolymer has less than 5 Wt % of 
its interpolymeriZed units derived from VDF; 

B) from about 0.1 to about 4 Weight percent of a hydro 
carbon polymer having a Weight average molecular 
Weight of a least about 45,000; and 

C) from about 1 to about 20 Weight percent of conductive 
?ller. 

12. A method of making a melt-processable conductive 
?uorothermoplastic composition comprising the steps of: 

20 

25 

30 

35 

10 
A) providing a major amount of at least one melt 

processable, thermoplastic ?uoropolymer having its 
interpolymeriZed units derived from (i) at least 50 
Weight percent (Wt %) of TFE, and (ii) one or more 
ethylenically-unsaturated monomers represented by the 
formula 

(a) CH2=CR2, and, optionally one or more ethyleni 
cally-unsaturated monomers represented by the for 
mulas 

(b) CF2=CFiR? and 
(c) CF2=CFiOiRfv 

Wherein Rfis a per?uoroalkyl of 1 to 8 carbon atoms, Rfv is 
Rf or a per?uoroalkoxy of 1 to 8 carbon atoms, and R is 
selected from H, F, C1, or an aliphatic group having from 1 
to 8 carbon atoms Which may have P or Cl substituents, 
provided that the thermoplastic ?uoropolymer has less than 
5 Wt % of its interpolymeriZed units derived from VDF; 

B) providing from about 0.1 to about 10 Weight percent of 
a hydrocarbon polymer having a Weight average 
molecular Weight of a least about 45,000; 

C) providing from about 1 to about 20 Weight percent of 
conductive ?ller; 

D) mixing the materials of steps Athrough C in any order; 
and optionally 

E) melt processing the mixture. 
13. The method of claim 12 Wherein the materials of steps 

A and B are premixed before step C. 

14. A method of improving volume resistivity of a melt 
processable conductive ?uorothermoplastic composition 
comprising the steps of claim 12. 

15. A method of improving melt processability of a 
melt-processable conductive ?uorothermoplastic composi 
tion comprising the steps of claim 12. 
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